Following the description of external cardiac massage (e.c.m.) by Kouwenhoven and his colleagues in 1960 the technique has been widely and successfully applied in hospital practice, combined with positive pressure ventilation with oxygen (Sykes and Orr, 1966; Linko et al., 1967; Kirby and McNicol, 1967) . It has been continued for as long as 75 minutes with full recovery despite a period of 45 minutes with dilated pupils (Shocket and Rosenblum, 1967) .
Studies on patients with heart disease, who required resuscitation by external cardiac massage accompanied by ventilation with oxygen have shown that deterioration of cardiac and pulmonary function may occur. It has been found that the cardiac output falls to about 20-35 per cent of its normal value during external cardiac massage both in human patients (Mackenzie et al., 1964; Cohn and Del Guerico, 1966; Oriol and Smith, 1968) and in dogs (Weiser, Adler and Kuhn, 1962; Wilder et al., 1963; Jude, Kouwenhoven and Knickerbocker, 1964) . As to pulmonary function, Cohn and his colleagues (1965) in a study of six patients with pre-existing medical conditions found that during e.c.m. the arterial oxygen saturation fell to between 89 and 73 per cent. Gilston (1965) , in a study of thirty-seven patients with pre-existing cardiac disease undergoing e.c.m., found that the Pao 3 was frequently below 100 mm Hg even when 100 per cent oxygen was used. Carbon dioxide retention has been described by Stewart (1965) and Gilston (1965) but in these papers neither the flow of oxygen nor any details of the respiratory circuit are given, so that the possibility of rebreathing of exhaled carbon dioxide cannot be excluded.
These studies suggest that wherever external cardiac massage is employed on ill patients the cardiopulmonary situation is steadily deteriorating even when 100 per cent oxygen is used. The question therefore arises: "What happens when external cardiac massage is given together with expired air ventilation as a first aid measure outside hospital, where it may have to be used with expired air resuscitation?"
The Pao 3 levels reached during e.c.m. with expired air have not apparently been investigated, although Leighniner (1964) found that the arterial oxygen satuation of dogs ventilated with room air during a 2-hour period of e.c.m. did not fall below 85 per cent. Also, he found no significant difference in oxygenation between those dogs which survived compared with those which did not.
Another important consideration from the viewpoint of first aid is the duration for which it may be necessary to continue cardiopulmonary resuscitation until the patient arrives at a hospital. Leighniner (1964) studied groups of dogs whose hearts had been fibrillated by an electric shock and who were ventilated on room air during periods of up to 2 hours e.c.m. The mortalities at 30 minutes, 1 hour and 2 hours were 0, 8 and 64 per cent respectively. Neither the blood pressure nor the arterial oxygen saturation fell markedly during the period of e.c.m. but there was a steady fall in pH and Pace,,.
It was decided, therefore, to investigate the survival and the changes in the condition of dogs with electrically induced ventricular fibrillation receiving e.c.m. and expired air ventilation.
METHODS
Two groups of dogs were used in this study. In the first group of twenty dogs 100 per cent oxygen was used for artificial respiration. In the second group of eighteen dogs a gas mixture equivalent to expired air was used. This consisted of 16 per cent oxygen, 4 per cent carbon dioxide and the remainder nitrogen. The percentage of oxygen was checked with a DCL101 Servomex paramagnetic oxygen analyzer (Nunn et al., 1964) and the carbon dioxide percentage with a simplified Haldane apparatus, accurate to 0.1 per cent (Campbell, 1960) . The groups of animals respired with oxygen and expired air were each divided into three sections, the first, second and third sections in each case being designated for a circulatory arrest period of 40, 50, and 60 minutes respectively.
The experimental technique with each animal was as follows. An intravenous injection of thiopentone sodium 30 mg/kg was given slowly as a 2.5 per cent solution to induce anaesthesia and produce sufficient relaxation to allow endotracheal intubation. When this had been accomplished, positive pressure ventilation was started using a Starling pump set at a minute ventilation of 250 ml/kg body weight. The pump was supplied with a 3:7 oxygen-nitrous oxide mixture.
Occasionally it was necessary to give further small doses of thiopentone during the period of e.c.m. if the animal showed signs of returning consciousness. This was required in thirteen of the dogs respired on oxygen who received a mean dose of 6.5 mg/kg during the whole period of e.c.m. and in twelve of the dogs respired on expired air who received a mean dose of 8.3 mg/kg.
The aorta and inferior vena cava were cannulated via the femoral vessels for continuous pressure monitoring, the withdrawal of blood samples and the administration of drugs. At the same time electrodes were connected to the four limbs for monitoring the electrocardiogram. These various parameters were displayed on an oscilloscope and recorded at frequent intervals throughout the experiment using an ultra-violet writer (Honeywell type 2,500).
Immediately after the cannulae had been inserted, a sample of arterial blood was withdrawn and the pH, Po, and Pco 2 were measured. Radiometer electrodes types E5O21, E044 and E5O3O, attached to a Radiometer pH meter PHM27 were used for this purpose. As the oxygen electrode was calibrated with oxygen-free water and water equilibrated with room air, the Po 3 readings were corrected for water/blood difference by multiplying by 0.965. This figure was obtained by tonometry with water and blood equilibrated with different oxygen mixtures (Adams and Morgan-Hughes, 1967) . The base excess was calculated using the nomogram described by Siggaard-Andersen (1963) . At this stage deviations from normal blood gas values were corrected by adjusting the gas mixture and the ventilation. Metabolic acidosis was corrected by the intravenous administration of sodium bicarbonate 8.4 per cent (Mellemgaard and Astrup, 1960) .
When the blood gas and acid base state had been stabilized within normal limits the animal's endotracheal tube was disconnected from the ventilator and within 30 sec ventricular fibrilla-tion was induced by an alternating current shock (140-200 mA) of 3 sec duration given between the right forelimb and the left hindlimb. An electronic switching device was used to disconnect the electrocardiograph during the period of the shock (Lee, Zoledziowski and Temiyachol, 1967) .
As soon as ventricular fibrillation was confirmed, anteroposterior manual external cardiac massage was started and the animal was ventilated by hand with oxygen or expired air. Because the dorso-ventral diameter of the dog's chest is relatively long compared with the human chest, preliminary study was carried out using an electromagnetic flowmeter (Elliot Mark 2) implanted around the ascending aorta. This showed no difference in cardiac output during e.c.m. whether the dogs were supine or on their side.
External cardiac massage was continued at between 80 and 100 compressions per minute. The rate and force of compression were varied to produce and maintain an aortic pressure of 40-60 mm Hg. The pupil size was recorded at regular intervals and, if pupillary dilatation was noted, an increased effort was made to improve the aortic blood pressure. An abdominal binder was applied in every case as this helped to maintain the aortic pressure (Harris, Kirimli and Safar, 1967) .
The lungs were inflated manually after each fourth sternal compression using a 2-litre bag connected to the endotracheal tube via an Ambu E-type non-return valve (fig 1) . Either oxygen or expired air, 12-15 l./min, was supplied so that there was always a sufficient volume to inflate the lungs.
Throughout the period of cardiac massage blood samples for the estimation of pH, Pco, and Po 3 were taken at 5 or 10 minute intervals from the aorta and less frequently from the inferior vena cava. (Although mixed venous blood samples would have been preferable to those from the inferior vena cava, it had been found, during the pilot studies, impossible to withdraw adequate samples from the right ventricle during e.c.m.) The measurements were corrected for temperature on the basis of readings obtained from a midoesophageal thermocouple. The oxygen temperature factors were those given by Kelman and Nunn (1966) . The oxygen saturation required for the calculations was derived from a blood gas calculator (Severinghaus, 1966) . Base excess was also calculated with each of these samples.
When an animal was being respired on 100 per cent oxygen, the venous-arterial admixture was calculated from the modified shunt equation of Laver and Seifen (1965) PAO 2 =tension of oxygen in alveolar air, which from the simplified form of the alveolar air equation, is applicable here, = barometric pressure -P H: o -PAro = Cao 3 = oxygen content in arterial blood (Kelman and Nunn, 1968) ; Cv O2 =oxygen content of mixed venous blood (Kelman and Nunn, 1968) ; aToj=Bunsen solubility coefficient of blood at temp T (Sendroy, Dillon and Van Slyke, 1934) and P H2 o vary with temperature and this was taken into account in each calculation.
Five minutes before the end of the planned period of cardiac arrest, metabolic acidosis was corrected with intravenous sodium bicarbonate. The dose was calculated from the animal's weight and last base excess reading (Ledingham and Norman, 1962) .
When the planned period of e.cm. had been completed, the electrocardiograph was temporarily disconnected and a 0.1-sec a.c. defibrillator shock was applied across the chest. Care was taken to ensure that there was an adequate fibrillation potential registering on the oscilloscope before the shock was applied. If the fibrillation potential was considered to be low, adrenaline (20-60 fig) was given intravenously. Asystole was treated by continuing the e.cm.
Once spontaneous cardiac action had been established, the blood pressure was closely observed to ensure that a prompt rise was taking place. Preliminary studies had shown that if the systolic blood pressure failed to reach 80 mm Hg within the first 2 minutes the circulation often failed rapidly. Therefore, if the systolic blood pressure did not reach that level within the first 2 minutes, e.cm. was restarted and calcium gluconate (300-500 mg) was injected intravenously. Multiple ventricular extrasystoles were treated by intravenous injection of lignocainc (7.5-15 mg) or propranolol (0.5-2.0 mg).
During the recovery phase positive pressure ventilation and oxygen supplementation of the inspiratory gases were continued until adequate spontaneous respiration returned and the Pao a could be maintained within normal limits with the animal breathing room air.
Postural drainage was used for removal of secretions collecting in the bronchial tree. If this failed, tracheal suction with or without bronchoscopy was performed. When pulmonary oedema was suspected, as indicated by a low Pao 3 despite adequate pulmonary ventilation, and the presence of fine crepitations on auscultation, alcuronium 1-5 mg was administered and positive pressure ventilation with an expiratory resistance of 5-10 cm H,0 was used.
Animals were classed as cerebral survivors on the basis of clinical observation. To be so classified they were required to regain their previous motor mechanisms and temperament, and to feed, drink and walk normally. No time limit was set for this recovery, but once it had been achieved the animals were destroyed.
Postmortem examinations were performed on those animals which, during or after e.cm., developed clinical signs thought to be of sufficient severity to indicate impaired chance of survival. In particular, distension of the abdomen, fractured ribs with displacement, air or fluid filling of the pleural cavity, excessive pulmonary secretion, marked blood staining of the pulmonary secretion and frank bleeding per rectum were positive indications for autopsy. Macroscopic and microscopic examinations of the brain were not carried out in view of the findings in a preliminary study in which a dog had been maintained on prolonged e.cm. with positive pressure respiration. It had survived for 7 days with obvious cerebral damage, blindness, deafness, and locomotor functions of decerebrate character, but the pathological findings in the brain were unremarkable.
RESULTS

Survival.
Sixteen of the thirty-eight dogs recovered consciousness and all satisfied the definition of full cerebral recovery as described above and, thus, all "survivors" were full cerebral survivors. Table I presents the numbers of sur- Blood pressure. Table II gives the mean systolic blood pressure levels immediately before and during e.cm. for dogs ventilated with oxygen and expired air. In both groups the mean systolic blood pressure remained almost constant during e.cm. The mean value of systolic pressure was at least 10 mm Hg higher in the oxygen group than in the expired air group throughout the period of e.cm.
Arterial carbon dioxide tension. Table HI shows the mean carbon dioxide tension of the arterial blood. The mean level of Paco 2 in the oxygen group fell rapidly and remained at about 10 mm Hg, whereas in the expired air group the mean of the whole group never fell below 27 mm Hg.
Arterial oxygen tension. Table IV shows the mean oxygen tension of the arterial blood at 10-minute intervals throughout e.cm. for the two groups. After the initial increase the oxygen group shows some fall in the Pao a over the period of e.cm. and tended to be higher for those dogs which ultimately survived than in the nonsurvivors, but the scatter is wide. In only three animals was the Pao, ever less than 200 mm Hg during e.cm. and in only two of them did it fall below 100 mm Hg. In the expired air group there was an initial decrease of Pao, which then remained fairly constant during e.cm. Calculated arterial oxygen saturations were between 88.8 and 100 per cent for the oxygen group and between 80 and 97.2 per cent for the expired air group (table V) .
Venous-arterial admixture. The mean venous admixture in thirteen observations on eight dogs during e.cm. was 7 per cent (range 3-12.5 per cent) (table VI). For this calculation the haemoglobin was taken as 12.6 gm/100 ml being the mean of eighteen observations in eight dogs. In three of the dogs, the percentage shunt increased slightly during the e.cm. period. The general implications of the shunting were not further investigated.
pH. Table VII shows that there are different types of change of pH in the two groups of animals. In the oxygen group, after an initial rise corresponding to the respiratory alkalosis (table HI), the pH fell steadily and reached a mean value of 7.09 at 50 min. In the expired air group the pH fell progressively to a mean value of 6.85 at 50 min.
Base excess. Table VHI presents the base excess levels for the two groups: these were at 50 minutes -29.5 m.equiv/1. and -30.0 m.equiv/1. for the expired air and oxygen groups respectively.
Pupils. Pupil sizes observed during the last 10 minutes before defibrillation are presented in table DC. Full dilatation did not occur in any of the survivors. In non-survivors, however, pupil size did not appear to be a prognostic feature for 
No.
No.
-4.7(-8to-0.5) 10 -6.1(-9to-4) 8 -5.3 -13.3(-20to -9.5) 10 -19.9(-26to-14) 10 -13.3(-17to-9) 8 -19.9(-23to-13) 8 -13. Causes of death. In the series of thirty-eight dogs twenty-two did not survive. In some cases the cause of death could be attributed to one or more of the grave complications listed in table X. In three animals signs suggestive of death were observed in the early stages of the e.c.m., such as large pupils and the disappearance of action potentials on the e.c.g. trace. These were entered under the heading "Failed e.c.m.". Five animals having a large amount of fluid in the lungs were considered to have died from pulmonary oedema; four were in the oxygen group and one in the expired air group. In four dogs of the oxygen group and in two of the expired air group there was a progressive fall in blood pressure after defibrillation and this did not respond to treatment. In two dogs ventilated with oxygen and two ventilated with expired air the heart action after defibrillation was irregular and the animals died within 2 hours from ventricular fibrillation. One animal died from massive haemorrhage, its peritoneum being distended with blood. Some of the above complications occurred concurrently.
Complications. Pulmonary complications included pulmonary oedema, riles, and bloodstained fluid from the lower respiratory tract (through the endotracheal tube). They were observed during e.c.m. or during the first 12 hours of the recovery stage, and occurred in about half of the dogs (ten of those ventilated on oxygen and nine of those ventilated on expired air). In one dog which had been ventilated on oxygen there were broken ribs but this animal survived. One dog, which had been ventilated on expired air, developed bilateral pneumothorax (dogs may have interconnecting pleural spaces) and failed to survive.
Liver damage ranged from subcapsular haematomas to small tears, usually near the coronary ligament, accompanied by bleeding into the peritoneal cavity. In one case where this had been gross it probably contributed to death. There was no remarkable difference in incidence (30-40 per cent) between the two groups.
By the definition we have adopted for "survival", postoperative cerebral damage could not occur in survivors and could only be diagnosed in those non-survivors which lived long enough for observation to be made. The diagnosis was based on presumptive evidence which included cerebral irritation, tachypnoea, and sometimes hyperpyrexia. The condition was diagnosed in two dogs ventilated with oxygen and in one ventilated with expired air.
In most dogs changes occurred in the ST segment of the electrocardiogram and in some of them extrasystoles were so frequent as to require treatment with lignocaine or propranolol. Occasonally, fibrillation occurred during the recovery period and in two dogs in each group repeated episodes led to death as described in the next section.
Postmortem examinations. Seventeen animals were selected for postmortem examination by the criteria already described. None showed evidence of mechanical damage to the heart or pericardium. There were no cases of haemothorax. Bilateral pneumothorax was present in one animal and was caused by lung rupture, although the ribs were not fractured. Ten animals had oedematous lungs associated with positive tracheal findings which varied from a coating of frothy secretion to acute haemorrhagic tracheobronchitis. Only one animal showed tracheal changes with a relatively normal lung appearance. This dog also had six broken ribs and was the only one of the series with this complication. Two animals had abdominal distension; in one instance due to gastric dilatation by gas, and in the other to massive haemoperitoneum from rupture of the liver. In two animals the volume of the blood in the peritoneal cavity was sufficient to impair the chances of survival. Subcapsular haematomata without haemoperitoneum were found in two further animals. Finally, in two animals there were gross ischaemic changes in the mucosal lining throughout the alimentary tract.
DISCUSSION
We believe that this is the first experimental study of e.c.m. using expired air ventilation. Table I shows that it is possible to keep dogs alive under these conditions for up to 60 minutes with at least as much success as when 100 per cent oxygen is used. The results are encouraging for those who teach or apply emergency resuscitation procedures for use in the field.
Carbon dioxide levels were inevitably low in the group ventilated with oxygen because in the design of the experiment, a non-rebreathing valve was deliberately included in the circuit in order to make a clear differentiation between the two gases. This meant that four to five times the animal's normal minute volume was needed because gas was taken from the circuit during the inevitable lung movements produced by e.c.m., in addition to the volume of gas required for the pulmonary insufflation after each fourth stroke of external cardiac massage. There was no difference in the mean Pac 02 levels between survivors and non-survivors in cither group but there was a difference between the two groups.
It is arguable that the low Paoo 2 in the group ventilated with oxygen caused reflex cerebral vasoconstriction with a consequently reduced cerebral blood flow (Kety and Schmidt, 1948) . Harper and Glass (1965) , however, have shown that when dogs are in a state of shock, with a blood pressure of 50 mm Hg, cerebral blood flow is not changed by a reduction of Par 02 to 20 mm Hg, or an elevation to 80 mm Hg. This suggests that under conditions of low cardiac output, the cerebral vessels may remain maximally dilated despite the extreme hypocapnia found in our series. In our group of dogs ventilated with oxygen the mean blood pressure was between 50 and 60 mm Hg during the period of e.c.m. It is interesting to note that Leighniner (1964) also reported low Paco 2 levels. These averaged 13-15 mm Hg, during the $-2-hour period of e.c.m. In human patients such low Pa<x> 2 values are unusual. Kirby and McNicol (1967) found that the Pa o, during e.cm. in thirty patients varied between 10 mm and 90 mm. Only seven of their patients were overventilated and in three of these the Pacoj was less than 30 mm Hg. Our Pa 02 levels for 100 per cent oxygen are in sharp contrast with those measured in humans by Del Guerico and his colleagues (1965) . Only one of their readings was above 130 mm Hg. We attribute this mainly to the fact that many human patients in hospital have cardiorespiratory disturbances before cardiac arrest. This could explain their finding of a 40-51 per cent venous arterial admixture. Under conditions of e.c.m. with the cardiac output reduced to 20-35 per cent of normal, the expected value of (Ca O2 -Cv 02 ) is about 15 volumes per cent if oxygen usage is unchanged. We found a mean of 14.1 volumes per cent, (range 7.07-16.91) (table VI). PrysRoberts, Kelman and Greenbaum (1967) have recently stressed the effects of a reduction in cardiac output, without a fall in oxygen consumption, on the Cv 03 and hence on the effect of venous-arterial admixture on Pa 02 . In the group receiving 100 per cent oxygen the amount of venous-arterial admixture has been calculated from the alveolar arterial oxygen differences (A-a Do,) and the arteriovenous oxygen content difference in volumes per cent (Laver and Seifen, 1965) . In our calculations of venous-arterial admixture we have used oxygen saturation in inferior vena caval blood. Barratt-Boyes and Wood (1957) showed that in normotensive man inferior vena caval oxygen saturations are higher than in true mixed venous blood and we may have overestimated the venous-arterial admixture which occurred. There appears to be no account of the difference between inferior vena cava and true mixed venous oxygen saturations in the hypoten-sive dog. Approximate results for <JS/QT are therefore presented and fall within normal levels for man anaesthetized with halothane in oxygen (Price et al., 1969) .
The present series of dogs ventilated with expired air showed a small difference between the inspired oxygen tension and the Pao a , showing that neither a diffusion defect nor a ventilation perfusion disturbance was present at that time (West, 1965) . It is suggested that in the main the A-a oxygen differences during e.c.m. can be accounted for by the known reduction in cardiac output.
Oxygen saturation as distinct from tension must be considered when using expired air under conditions of acidosis and low cardiac output. Because a fall in pH will shift the oxygen dissociation curve to the right, the arterial oxygen saturation at a given Pao 2 level will be lowered. None of our calculated arterial oxygen saturation figures fell below 90 per cent. This can be attributed to the fact that under the conditions of our experiment (100 per cent dry gas at room temperature with a high minute volume) the oesophageal temperature fell dramatically (table  VI) , causing a countershift of the oxygen dissociation curve to the left. It is unlikely that a temperature fall of this extent would occur in man during expired air resuscitation. In normothermic man at pH 6.9 it is useful to remember that the Pao 3 and saturation are approximately equal between 40 and 80 mm Hg.
Our results show that satisfactory oxygenation can be achieved during expired air resuscitation in dogs. Caution must be exercised in extrapolating these results to man, but they would suggest that expired air resuscitation may be expected to achieve satisfactory levels in man providing that the lungs are healthy before the cardiac arrest, as for example in electrocution of the fit subject. After resuscitation many of our dogs showed evidence of pulmonary oedema and it was in this phase that high inspired oxygen levels were necessary to achieve a satisfactory Paoj.
In their series of dogs with circulatory arrest lasting between 4 and 7 minutes without e.cm., Ledingham and Norman (1962) found a mean fall in buffer-base of 1.1 m.equiv/l./min (range 0.8-1.4). During e.c.m. our findings were that in the first 10 minutes there was a fall of 0.8 m.equiv/L/min, and this became 0.5 m.equiv/ l./min in the second 10 minutes. Thereafter the buffer-base continued to fall fairly steadily at 0.4 nxequiv/l./min. Our observations did not extend beyond a total period of arrest of 50 minutes. Our base excess results are interesting in the light of the recently reported findings of Engel, Kildeberg and Winters (1969) that the low Paco a levels resulting in dogs ventilated with pure oxygen are followed at first by an inflow of bicarbonate from the tissues into the blood stream. For a period of up to 30 minutes after arrest the mean base excess levels in the oxygen group were slightly but consistently 1.4 m.equiv/1. higher than those in the expired air group (table VIH).
The differences in mean blood pressures between the two groups may be attributed to an increased peripheral resistance associated with the high Pao 3 in the oxygen group (Price et al., 1969) .
The observations on pupil size (table IX) suggest that large pupils indicate imminent death but, while small pupils in the oxygen group might foretell death or survival, they always predicted survival in the expired air group. This suggests that pupil size may be a critical monitor of survivability under field conditions with the use of expired air. The traditional view that dilatation of the pupils is a reliable clinical sign of cerebral anoxia has been challenged by Jordanov and Ruben (1967) . In a clinical study of patients receiving e.c.m. with oxygen, Gilston (1965) observed that persistent dilatation of the pupil indicated delayed or ineffective resuscitation, but that the pupils sometimes remained contracted both during successful e.c.m. and until death in unsuccessful e.cm.
The electrocardiographic changes during the recovery period were similar to those reported by Leighniner (1964) who had continued e.c.m. for as long as 2 hours. He reported ST segment changes, disappearing after 30 minutes and occasional extrasystoles. Wilder and his colleagues (1963) undertook e.c.m. in dogs for periods of 15 minutes and one week later observed microscopic areas of infarction in the right ventricular myocardium in most animals.
The absence of injury to the heart and pericardium, and the low incidence of pleural cavity complication and rib fracture in the pnimals in this study is surprising. In ten of the animals examined postmortem there was a tear in the liver which produced haemoperitoneum but except in two cases this was unimportant in terms of survival. The cases of haemorrhagic alimentary tract mucosa presumably reflect the critical degree of anoxia of the bowel wall and perhaps diminished blood flow during e.c.m. caused by an increased portal venous resistance. The most marked changes noted at the postmortem examinations were those which occurred in the respiratory system. Mechanical trauma and ischaemia must be considered as important contributory factors in the production of these changes.
CONCLUSIONS
On the basis of the results of these experiments we feel it reasonable to conclude that expired air resuscitation in conjunction with external cardiac massage is as likely to provide satisfactory oxygenation as is ventilation with oxygen in previously fit humans, and that determined efforts should not be abandoned because oxygen is not available. In these experiments in dogs there was a high ventilation rate caused by the mechanical action of e.c.m. This is unlikely to occur in humans (Safar et al., 1961) . Furthermore, the nonrebreathing circuit employed in this study may have prejudiced the results against the group ventilated with oxygen. We would not, therefore, wish to suggest that expired air respiration would have any advantage when oxygen is available. 
RESUMEN
Ha sido efectuada una comparaci6n entre los efectos de la ventilaci6n con oxigeno y con aire espirado via un circuito sin re-respiraci6n durante el masaje cardiaco externo manual durante 40-60 minutos en dos grupos de perros. Diez de los dieciocho perros que redbian aire espirado sobrevivieron, asl como seis de los veinte que recibieron oxigeno. La Paooi pennaneci6 inferior a 10 mm Hg en el grupo con oxigeno y fue aproximadamente 28 mm Hg en el grupo con aire espirado. En el grupo con aire espirado, la Pao, permaneci6 por encima de 63 mm Hg. Las mezclas arterial-venosas calculadas en echo perros oscilaron entre 2,1 y 14,7 por ciento. Son discutidas la importancia de los cambios pupilares y las complicaciones que ocurren durante y despues del masaje cardiaco externo. Se propone que cuando no hay oxigeno disponible se puede recomendar sin peligro la ventilaci6n con aire espirado combinada con masaje cardiaco externo durante la resuneccion de personas previamente sanas.
